Gastrointestinal subepithelial tumors (SETs) are generally found during endoscopy and their incidence has gradually increased. Although the indications for the endoscopic treatment of patients with SETs remain to be established, the feasibility and safety of endoscopic dissection, including the advantages of this method compared with surgical treatment, have been validated in many studies. The development of endoscopic techniques, such as endoscopic submucosal dissection, endoscopic enucleation, endoscopic excavation, endoscopic submucosal tunnel dissection, submucosal tunnel endoscopic resection, and endoscopic full-thickness resection has enabled the removal of SETs while reducing the occurrence of complications. Here, we discuss the endoscopic treatment of patients with SETs, outcomes for endoscopic treatment, and procedure-related complications. We also consider the advantages and disadvantages of the various endoscopic techniques.
INTRODUCTION
Subepithelial tumors (SETs) in the gastrointestinal tract were previously treated exclusively using surgical resection. 1 However, SETs with the ingrowth type are difficult to surgically remove, because it does not allow for the visualization of the gastrointestinal tract lumen. In addition, surgical resection may result in gastrointestinal deformation, impaired function due to excessive tissue removal, and other complications. Following technical advances in endoscopic treatment, the endoscopic dissection of gastrointestinal SETs was proposed. [2] [3] [4] [5] [6] Novel endoscopy devices have allowed better dissection control, opening up a new horizon for the endoscopic treatment of patients with gastrointestinal SETs. 6, 7 Conventional and modified endoscopic submucosal dissections (ESDs) are effective and safe methods that allow tissue resection for the treatment of lesions in the subepithelial layers of the gastrointestinal tissue. Excellent results have also been reported in patients with gastrointestinal SETs, including those originating from the muscularis propria (MP) layer using endoscopic tunneling techniques and endoscopic full-thickness resection (EFTR). [6] [7] [8] In this brief review, we discuss the current techniques used in the endoscopic treatment of patients with gastrointestinal SETs.
ENDOSCOpIC mUCOSal RESECTION
The small sized SETs (1 to 2 cm) can be resected with endoscopic mucosal resection (EMR) using snare. This method, like standard snare polypectomy, places the snare under the SET and resects it with electrocautery. Before resection, it is necessary to confirm whether the tumor can move without being fixed. This method is mainly used for resecting tumors originating in the muscularis mucosa or submucosa. [9] [10] [11] Endoscopic submucosal resection with a ligating device (ESMR-L) is a method in which tumor is aspirated into the ligation device and band to deploy the lesion. Then, snare resection is performed under the band. Lee et al. showed that ESMR-L was successfully performed in all patients with esophageal SETs without perforation. 12 However, complete resection of SETs larger than 1 cm in diameter is very difficult, since the diameter of the ligation device is limited to 1 cm. The transparent cap is also a tool that can be used for EMR. ESMR with a transparent cap is performed as follows. The cap is attached to the tip of endoscopy and a snare is positioned within the cap. After endoscopic suction of the lesion into the cap, the lesion is removed using prepositioned snare. 13 These EMR and modified EMR are relatively easy and safe, however it is difficult to remove larger sized SETs (>2 cm) or those originating from the MP layer.
ENDOSCOpIC SUbmUCOSal DISSECTION
ESD is well established as an effective treatment for gastric adenoma and early gastric cancer.
14 Recently, the application of ESD for the treatment of SETs has been extended beyond mucosal lesions of the gastrointestinal tract (Table 1 , Fig. 1 ).
4,6
Lee et al. reported the feasibility of the removal of SETs from the MP layer and a complete success rate of 75% in patients treated with ESD. 15 None of the patients in that study had severe complications including perforation or massive hemorrhage. In another study, researchers demonstrated that ESD was an effective and safe method for removing gastric SETs; the overall rate of R0 resection was 81.1% and none of the patients had disease recurrence. 4 Notably, the success rate for R0 resection was influenced by the site of tumor origin. In particular, the R0 resection rate was 100% for tumors in the submucosa layer and 68.2% for those in the MP layer. In these cases, endoscopic ultrasonography may contribute to the achievement of complete SET resection. 4 Chun et al. identified the appropriate indications for ESD for the treatment of patients with gastric SETs originating from the MP layer. 2 The complete resection rate in their series of patients was 74.3%, and tumor size <20 mm and a positive rolling sign were significantly linked to complete resection. In addition, fixed tumor mobility was significantly associated with perforation, because a tumor with less mobility has a more extensive muscular connection, and is thus difficult to remove from adjoining muscle tissue. 2 Despite its efficacy and safety, ESD may not be appropriate for SETs originating in the MP layer, as evidenced by the inconsistent complete resection rates and the relatively high (up to 15%) risk for perforation. [2] [3] [4] Therefore, other types of endoscopic dissection are needed to treat these tumors. Modified ESD techniques have recently been introduced, such as endoscopic excavation (Table 1) . In this method, the mucosa overlying the lesion is cut, rather than making a circumferential incision. The SET is then dissected from the submucosal or MP layer before the incision site is closed with endoscopic clips (Fig. 2) . 16, 17 With this technique, gastric and esophageal SETs were almost completely (96.8%) removed, but the perforation rate was also high (12.9%). 16 Endoscopic excavation has been widely used in patients with esophageal SETs. It was successfully performed in small esophageal SETs originating from the MP layer (95.6%). 17 Although procedure-related perforation occurred in 8.9% of the patients in that study, recovery was achieved in all of the cases with conservative management. Another study demonstrated the feasibility of endoscopic enucleation in the MP layer of patients with gastric SETs. 18 An insulated-tip knife and snare were used in the elimination of these tumors and the rate of successful resection was high (92.3%), but so was the perforation rate (12.3%).
The investigators also analyzed factors that may cause perforation in endoscopic dissection. All of the perforations arose in gastrointestinal stromal tumors (GISTs) and schwannomas, because they are tightly attached to the surrounding tissue and have an incomplete tumor capsule. Another important factor was tumor location. The most common site of perforation was the fundus, and the perforation rate was significantly higher than that of other sites (p<0.001). This can be attributed to the thin gastric wall of the fundus and the relatively difficult endoscopic approach, compared with that needed for SETs in other locations. Chu et al. showed that the modified ESD with enucleation was effective in patients with gastric SETs >2 cm in diameter. 19 Moreover, endoscopic dissection was possible even for large SETs, which were otherwise treated surgically. Nonetheless, despite the advantages of ESD and modified ESD methods, the limitations include the relatively high rate of procedure-related complications (particularly, perforation) and the inability to achieve complete resection in some cases. Furthermore, given the short follow-up duration of the abovementioned studies, SETs suspected of being malignant should continue to be treated surgically rather than via endoscopic dissection.
ENDOSCOpIC SUbmUCOSal TUNNElINg
Peroral endoscopic myotomy (POEM), which was developed by Inoue et al., is currently the standard of care in patients with achalasia. 20 The POEM technique creates a submucosal tunnel enabling endoscopic procedures under the mucosal layer as well as the treatment of the MP layer lesions with only a low risk for contamination and leakage after closure. Submucosal tunneling has been applied to the endoscopic dissection of gastrointestinal SETs, a procedure referred to as endoscopic submucosal tunnel dissection (ESTD) or sub- (2) Carcinoid (2) GIST (1) Others (4) 17. GIST (89) Leiomyoma (52) Others (4) 19. Leiomyoma (115) GIST ( (10) Leiomyoma (3) Others (7) 21 ( Five-year disease-specific survival rate was 100% (among the ten GIST patients).
mucosal tunnel endoscopic resection (STER) ( Table 2) . [25] [26] [27] Benefits include the retention of an intact mucosal layer, fast wound healing, and avoidance of the leakage of bowel material. Inoue et al. performed a submucosal endoscopic tumor resection that included the creation of a submucosal tunnel. 25 The key steps of the procedure are: making a mucosal incision proximal to the SET, creating the submucosal tunnel, dissecting the tumor from the overlying mucosal/submucosal and muscular layers under direct endoscopic viewing, and endoscopic hemostasis followed by closure of the mucosal incision using endoscopic clips. In that study, all of the SETs in the esophagus and cardia were resected completely and no complications occurred. 25 Gong et al. also showed the feasibility of ESTD in patients with upper gastrointestinal SETs. 26 All of the tumors were located in the esophagus and cardia, and 83.3% were removed by en bloc resection. In a prospective large study of STER in patients with SETs, the procedure was successful in all cases (100%) and no residual or recurrent tumors were detected. 27 The complication rate was 9.4%, and all of the complications were successfully treated using conservative management. GISTs and tumors originating deeper in the MP layer were risk factors for postoperative complications.
Endoscopic dissection is more difficult for SETs located in the esophagogastric junction than in other locations, because the narrow space and esophageal peristalsis interfere with detailed endoscopic control. Nonetheless, a complete resection rate of 100% in patients with SETs at the esophagogastric junction was reported. 28 None patients had disease recurrence or procedure-related esophageal stricture during follow-up. Compared with studies on submucosal tunneling techniques in patients with esophageal SETs, the utility of this approach in gastric SETs has been less well examined. In their study, Li et al. examined the clinical effects of STER in patients with gastric SETs, 29 and reported a complete resection rate of 100% and all of the adverse events could be managed conservatively. In addition, a recent report evaluated the long-term outcome of STER in patients with upper gastrointestinal SETs. 30 The 180 patients who underwent STER were free from disease recurrence during a median follow-up of 36 months. Despite these successes, the limitations of ESTD and STER must be 
ENDOSCOpIC FUll-ThICkNESS RESECTION wIThOUT lapaROSCOpy
EFTR is the preferred treatment option for patients with gastrointestinal SETs originating from the deep MP layer and exhibiting predominantly extraluminal growth (Table 3) . Zhou et al. showed that EFTR without laparoscopy was effective for the removal of gastric SETs originating from the MP layer. 31 The EFTR procedure is as follows: after precutting, a circumferential incision is made in the MP layer around the tumor; an incision is then made in the serosal layer around the tumor; full-thickness resection of the tumor, including the serosal layer, is performed; and the perforated gastric wall is sutured using endoscopy clips. The mean tumor size was 28 mm and the complete resection rate was 100%. There were no major complications and no recurrences during the mean follow-up. Another study also demonstrated the feasibility of EFTR for gastric SETs arising from the MP layer. 32 A complete resection rate of 98% was achieved and none of the patients had severe adverse events. The use of clip closure and Endoloop ligature (additional closure devices) may have contributed to the prevention of gastric perforation. New suturing devices have also been used to correct the perforations that may occur during EFTR. Schmidt et al. recommended the use of these devices to place one to three full-thickness sutures underneath the tumor, after which resection is performed. 5 Although perforations occurred in 9.6% of the patients treated in this manner, all were managed endoscopically. An advantage of this "suture first, cut later" method is that it can be used to treat relatively large (approximately 4 cm) SETs regardless of their location in the stomach and without the need for laparoscopy. 5 While EFTR is feasible for lesions of any shape and located on any side of the lumen, it should be noted that EFTR without laparoscopy assistance requires a high-quality endoscopic technique and Leiomyoma (9) GIST (2) Schwannoma (1) 7.1 No recurrence
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large SETs cannot be easily removed. In addition, there is a risk for intraperitoneal infection after the procedure if mucosal suturing is inadequate.
ISSUES TO OvERCOmE IN ThE ENDOSCOpIC DISSECTION OF gaSTROINTESTINal SETS
Several unsolved issues remain regarding the use of different endoscopic dissection techniques to treat gastrointestinal SETs. First, the clear endoscopic treatment indication for gastrointestinal SETs has yet to be determined. A very large tumor with primarily extraluminal growth or widespread involvement of the MP layer may be better treated surgically because the incidence of procedure-related complications following endoscopic dissection is relatively high and the rate of en bloc resection is low. Second, there is no optimal tumor-surveillance protocol for patients treated with endoscopic resection. Both considerations carry added weight for SETs with malignant potential. Third, the rate of complications arising from endoscopic procedures is still troublesome, particularly for SETs originating from the MP layer. Finally, the feasibility of endoscopic treatment may differ according to the location of the SET, whereas this is not a concern with surgical treatment. In particular, endoscopic approaches to SETs involving the fundus or cardia are challenging and the risks for procedural adverse events and incomplete resection are therefore relatively high.
CONClUSIONS
Endoscopic treatment of gastrointestinal SETs is feasible, but before the role of endoscopy can be expanded, several limitations have to be addressed, particularly the currently high rate of complications, specifically perforations. Moreover, if perforation occurs, secondary complications such as emphysema and intraperitoneal infection must be prevented. Carbon dioxide insufflation and recently developed closing devices may contribute to lowering the perforation rate. While numerous studies have evaluated the efficacy of endoscopic dissection for SETs, prospective comparative studies seeking to determine the indication for endoscopic dissection versus surgery are needed, as are long-term follow-up studies to evaluate recurrence after endoscopic dissection of SETs. A hybrid approach combining endoscopy and laparoscopy may turn out to be the best method for SETs that are difficult to treat using endoscopy alone and will increase patients' satisfaction. Finally, the experience and skill of the endoscopist are obvi- Bleeding.
ously important factors in achieving complete resection and minimal complications. In conclusion, endoscopic treatment is a technically feasible procedure for the treatment of patients with gastrointestinal SETs, but technical advances and additional studies are needed to improve the clinical outcome of patients with endoscopically treated SETs.
